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ABSTRACT 



The use of the JTAG port provides for boundary scan 
testing of integrated circuits, thereby allowing for the 
testing of ICs after they have been mounted into a 
circuit board. However, the conventional JTAG 
scheme is limited as to speed, since both the input and 
output vectors must be serially shifted in and out of I/O 
buffers along the chip boundaries. The present inven- 
tion speeds the testing of high-speed core logic circuitry 
by transferring the test program to a special test data 
register, which downloads the program to the logic 
circuitry under test, and uploads die results. This allows 
the core logic to perform the test at its normal operating 
speed, while still retaining compatibility with the JTAG 
standard for other tests. 

23 Claims, 4 Drawing Sheets 
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HIGH-SPEED INTEGRATED CIRCUIT TESTING 
WITH JTAG 

BACKGROUND OF THE INVENTION 5 

1. Field of the Invention 

The present invention relates to an integrated circuit 
(IC) that implements the JTAG test port while provid- 
ing for the high-speed testing of a programmable digital 
processor. 10 

2. Description of the Prior Art 

The development of complex integrated circuits in- 
creasingly depends upon the ability to test the circuitry 
sufficiently to ensure proper operation. This is increas- 
ingly difficult as the number of logic gates in a given 15 
integrated circuit increases. The input test data (re- 
ferred to as "vectors") must also increase, so that all 
possible input states, or at least a significant portion of 
them, are included in the test program. Traditionally, 
digital processors have been tested for functionality in 20 
the factory on a commercial test machine. Either the 
wafer is probed or the packaged part is tested. A se- 
quence of vectors is applied in parallel to the input pads 
or pins and comparisons with expected results are per- 
formed on output pads or pins. The fault coverage is 25 
usually less than 100% and is dependent on how many 
vectors there are, how well the vectors were written, 
and the degree of complexity of the circuitry to be 
tested. 

The problems with this prior-art testing scheme in- 30 
elude the fact that commercial test sets are having diffi- 
culty working fast enough to test very fast parts. The 
only way to test the packages once they have been 
soldered into boards is to come down with a custom 
"bed of nails" that disables other chips on the board and 35 
applies vectors to the package under test. This is in- 
creasingly difficult as the industry goes to surface 
mount packages on both sides of a printed circuit board. 
It is not possible to test the package in the field or even 
in the factory when the printed circuit board is plugged 40 
in to its slot. In an application specific integrated circuit 
(ASIC) methodology, a core processor can end up em- 
bedded in a design such that the standard vector set of 
tests cannot be applied from the bond pads. 

Many have advocated dealing with the test problems 45 
by adding Built In Self Test (BIST) circuitry to a chip. 
Here, a signal applied to the chip causes the BIST cir- 
cuitry to perform a test Typically, there is a pseudo- 
random sequence produced by a shift register with 
feedback. The sequence is applied to circuitry under 50 
test and the outputs from the circuitry are compressed 
and compared with an expected signature. BIST has 
been used successfully in a number of chips. The prob- 
lems with this testing scheme include: While BIST solu- 
tions are known for regular structures such as memo- 55 
ries, there is no general way known to produce BIST 
for arbitrary random logic with arbitrarily high fault 
coverage. Also, there can be a problem with BIST with 
an error condition aliasing to the same signature as a 
passing condition. In addition, BIST requires adding 60 
area overhead, and possibly speed overhead to the chip. 

A recent development in integrated circuit testing is 
the use of the so-called JTAG (Le., Joint Test Action 
Group) test port for in situ testing of IC chips mounted 
on a board. This standard has been adopted by the Insti- 65 
tute of Electrical and Electronics Engineers, Inc., and is 
now defined as the IEEE Standard 1 149.1, IEEE Stan- 
dard Test Access Port and Boundary-Scan Architecture, 



369 

2 

which is incorporated herein by reference. An over- 
view of the development, definition, and application of 
this standard is provided in The Test Access Port and 
Boundary-Scan Architecture, C. M. Maunder and R. E 
Tulloss, published by the IEEE Computer Society 
Press, Los Alamitos, Calif. (1990). Referring to FIG. 3, 
in the JTAG scheme, a four (or optionally five) signal 
Test Access Port (TAP) is added to each chip or group- 
ing of chips on a board. The TAP includes three inputs: 
a test clock (TCK), a test mode select (TMS), and test 
data in (TDI). In addition, there is one output, test data 
output (TDO). TDI and TOO are daisy-chained from 
chip to chip, whereas TCK and TMS are broadcast 

Every JTAG chip contains a boundary scan register 
(300), and a bypass register (301). The boundary scan 
register provides for serially shifting any desired data 
pattern from the TDI port into the input stages of the 
chip. The boundary scan register also provides for re- 
ceiving the output data of each output stage of the chip, 
and for serially shifting these bits out through the TDO 
port. Inputs from the chip terminals Ii . . . I3, and system 
clock terminal CKI are provided to the boundary scan 
register. These may be output from the boundary scan 
register to the chip circuitry by lines JIi . . . JI3, and 
JCKI, respectively. (Other lines, not shown, are used to 
send signals in the other direction, from the chip output 
circuitry to the chip output terminals.) Each chip also, 
contains a TAP controller (302) that implements a stan- 
dard state machine steered by the TMS signal . In this 
regard, the TAP controller selects one of sixteen states 
for shifting data and instructions into the registers, 
among other functions. The instruction register (303) 
allows test instructions to be entered into each chip, and 
the instruction decoder (304) serves to decode die in- 
structions. Extra "Status" data bits may defined by the 
user for inclusion in the instruction register, in addition 
to mandatory instruction bits. The output of a given 
register is selected by multiplexers 307 and 308, and 
driven off-chip by the output buffer (309), which 
supplies the TDO signal. The external signals applied to 
the JTAG test access port are provided by a master 
controller, also referred to as the "JTAG master" 
herein. 

The JTAG standard allows a chip to have arbitrary 
data serially scanned into its boundary scan register 
(300), with each bit position corresponding to an input 
or output terminal of the chip. The data may then be 
applied as if it were test vector input to the chip or 
output from the chip. The JTAG standard also supports 
tri-stating outputs. A standard scheme allows opens and 
shorts on the board or bond wires to be located. A chip 
can be tested by applying its entire factory vector set in 
serially through the boundary scan register. The JTAG 
standard also allows for optional registers to be added. 
For example, a manufacturer's identification register 
(305) provides a unique code identifying the chip type. 
In addition, a user test register (306) may be defined, 
typically to provide support for triggering BIST and 
leading the test status results. However, a problem with 
the JTAG testing 'scheme as it has been developed to 
this point is that testing of a chip by serial scanning is 
very slow; hence functional testing cannot be per- 
formed at full chip speed. 

SUMMARY OF THE INVENTION 

We have invented a technique for testing an inte- 
grated circuit having a digital processor. The integrated 
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circuit incorporates circuitry that allows for testing the 
digital processor at fall operational speed To perform 
the test, the only input/output signal pins required are 
those carrying the JTAG TAP signals, and optionally a 
system clock, allowing the integrated circuit to be 5 
mounted in a board during testing. Means for block 
downloading of a test program may optionally be in- 
cluded. 

BRIEF DESCRIPTION OF THE DRAWINGS 10 

FIG. 1 shows an implementation of the present tech- 
nique. 

FIG. 2 shows control signals used in an illustrative 
embodiment of the invention. 

FIG. 3 shows the prior art JTAG technique. 15 

FIG. 4 shows a TDI-to-TDO daisy chain for use with 
block downloading. 

FIG. 5 shows control circuitry for use with block 
downloading. 



trative embodiment for accessing JCON and TDR. 
They are: 



Instruction 








Description 




JCONW1 


Select JCON register for serial write 


JCONR1 


Select JCON register for serial read 


TDRW1 


Select TDR regi 


ster for serial write 


TDRR1 


Select TDR regi 


ster for serial read 



20 



DETAILED DESCRIPTION 



The following detailed description relates to an inte- 
grated circuit having a digital processor, and incorpo- 
rating circuitry that allows for testing the digital proces- 
sor at full speed. The digital processor is typically a 
digital signal processor (DSP) or microcomputer, 
wherein an arithmetic logic unit (ALU) resides on the 
same integrated circuit chip as the program memory. 
The integrated circuit may be mounted in a board dur- 3Q 
ing testing, and the only signal pins required are those 
carrying the JTAG TAP signals, with a high speed 
operational clock signal (Le.' f the system clock) being 
optional. Two additional registers that are allowed 
under the "optional" clause of the JTAG standard have 35 
been defined, and are referred to as JCON and TDR 
herein. Both of these registers may be selected by send- 
ing the proper serial sequence to the TAP controller. 
Referring to FIG. 1, both JCON and TDR appear to 
the JTAG master as serial scan registers (10 and 11, ^ 
respectively). JCON has parallel output on the chip. Six 
of its bits are used for the down-loadable self-test; they 
are: 



Signal 



Function 



'45 



JRESET Reset digital processor core 

BLOCKDL Enable block downloading 

JLOAD Map JROM to program space for downloading 

JPRLOW Map program RAM starting at location 0 

SELCKI Clock from bond pad instead of Boundary Scan 50 
register 

CKTCK Use TCK bond pad for clock instead of CKI 



The functions of these bits will be discussed below in 
some detail. The TDR (Test Data Register) is a serial 55 
shift register which is parallel readable and writable by 
the digital processor core. The number of bit locations 
in the TDR is typically equal to the width of the pro- 
gram memory, being 16 bits in the illustrative embodi- 
ment. To a program running on the digital processor 60 
core, the TDR appears as one of the registers in its 
potential set of sixty four registers. It may be written to 
or read from with any of the digital processor core's 
data move instructions. 

The JTAG instruction register (LR) is decoded to 65 
allow operations on the various JTAG registers. In 
addition to implementing JTAG instructions which are 
standard, four instructions have been added in the illus- 



The TDR provides a half duplex channel for passing 
words of information between the JTAG master and 
the digital processor core. As noted above, the words 
are 16 bits in the illustrative case, but could be any 
desired length that is suitable for use with the given 
digital processor core and its associated program mem- 
ory. In order to facilitate communication, there are two 
status flags to signal that data has been written or read: 
JINT is set when the JTAG master writes a word and 
is reset when the digital processor core reads a word. 
PINT is set when JTAG master reads a word and is 
reset when the digital processor core writes a word. 
JINT is tied to an interrupt input and also a flag condi- 
tion input of the digital processor core. PINT is tied to 
a flag condition input of the digital processor core. 
JINT and PINT are also tied to inputs in the JTAG 
instruction register block as indicated in FIG. 1. Hence, 
the JTAG master and the digital processor core can 
both sense when words have been written or read. Note 
that the flags JINT and PINT could alternatively be 
implemented using additional bits in the JCON register, 
if desired. 

Also included in the illustrative embodiment is a 
down-loadable digital processor architecture (see FIG. 
2). The illustrative digital processor utilizes "harvard" 
architecture, which has separate address and data buses 
for "Instruction/Coefficient" and "Data". These buses 
communicate with the ALU (21), the arithmetic address 
unit AAU (23), and the controller (24). It also has dual 
port RAM (22) which communicates with both sets of 
buses. A program may be downloaded to the chip by 
having the digital processor core read an instruction as 
"Data" via one of its many data input mechanisms and 
writing it as "Data" to the dual port RAM. The instruc- 
tion may then be executed from fetches over the "In- 
structions/ Coefficient" buses from the dual port RAM. 
The scheme used in the illustrative processor uses a dual 
port memory associated with the digital processor core 
and having a size of typically at least 256 words. Note 
that unlike the BIST testing method, the memory re- 
quirement of the inventive testing technique does not 
necessarily add to chip area. This is because the mem- 
ory may be re-used after testing for digital processor 
application programs and data. Although a dual-port 
memory is convenient for implementing the present 
invention, its use is not mandatory. For example, a Von 
Neumann architecture allows the use of a single-port 
memory. Note that the multiplexer 25, under control of 
signals CKTCK and SELCKI, provides a clock from 
any one of TCK (the JTAG test clock), CKI (the sys- 
tem clock used in normal chip operation), or JCKI (the 
scanned system clock). 

A read-only memory "JROM" (20) resides in the 
digital processor core to control the downloading of 
test programs into the dual port RAM. This memory 
has six words in the illustrative case, and the assembly 
language program in the JROM is: 
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high. When the JTAG master shifts out the result, 
PINT goes high and the digital processor program may 



t CUtdr £™TESA'U«v write the next result Before downloading a test, the 
/• copy value from TOR to RAM JTAG master scans a desired condition into the Bound- 
location pointed to by rO V 5 ary Scan register. By using the JTAG Instruction 
/* then increment pointer */ Codes in the above table, the output and bidirectional 

l : C^^-^^i^DAu pms of the chip will be heldin the state of the Boundary 

4: set (0=0X0 /* point to beginning of dual port RAM £ « ~j • * J 

on TData" port •/ Scan register during the test 

5* ; /• no operation Cinterruptible The JCON register optionally contains two addi- 

instruction) •/ io tional signals to provide flexibility in clocking the digi- 

fe e 0105 /* loop waitmg for JiNTinteirnptv tal processor test program while it is in a board environ- 
ment The board containing the digital processor nor- 

The JTAG master sequences downloading and exe- mally provides a system clock to the CKI terminal. If 

cution using the control bits mentioned above in the this clock is available and free running on the board 

JCON register. JTAG master sets the JLOAD signal. IS when the test is to be run, the JTAG master may select 

This causes the JROM to be mapped into the program it as the source of chip clocking by setting the SELCKI 

space of the digital processor core. That is, JROM is signal in JCON, which allows the test to be run in situ 

enabled so that it responds to memory addresses in lieu at full speed. If the clock on the board is not running, it 

of the program memory, in order to control the down- is still possible to clock the chip by two other methods, 

loading of the test program into the program memory. 20 The default is the standard JTAG method, where the 

Then JRESET is pulsed high and low. This resets the CKI may be scanned into the Boundary Scan register, 

digital processor core and program execution begins at This method is extremely slow. The other option is for 

location 0 of the JROM. The digital processor core then the JTAG master to set the CKTCK signal in JCON. 

sets a "Data" ^pointer to the beginning of dual port This causes the digital processor to be clocked by the 

RAM and enters a two instruction loop at locations 5 25 JTAG test clock, TCK, supplied by the JTAG master, 

and 6 of JROM. The JTAG master selects the TOR and The speed of this clock is dependent on the system 

shifts in a sixteen bit digital processor instruction. The implementation. 

JINT signal goes high to interrupt the program and it In order to download the test program in the stan- 

vectors to location 2. The instruction in the TDR is dard JTAG mode, it is necessary for the JTAG master 

written into the dual port memory location pointed to, 30 to select the TDR and then scan in a sequence of data 

the pointer is incremented, and the JINT signal is words. However, extra clock cycles are required before 

cleared. The JTAG master can then either select the each n-bit data word in the standard JTAG mode, be- 

instmction register to poll for whether JINT has been cause every JTAG chip in the daisy chain that precedes 

cleared, or it may skip this step if it knows from timing the ^tarpet chip is set fo r_bypass. E ach of the bypass 

considerations that the digital processor core has had 35 registers in these preceding chips adds an extra bit This 

enough time to read the TDR. The digital processor is because the JTAG TAP controller finishes each scan 

program returns from interrupt to its two instruction cycle by a transition to the "Update-DR" state, which 

loop and the process repeats until the entire test pro- transfers data from the scan path to the JTAG output 

gram has been downloaded. buffer. Therefore, an extra clock cycle of delay is re- 

As thus described, the test program is transferred 40 quired for every chip in the JTAG TDI-to-TDO daisy 

from the TDR to the program memory via the digital chain ahead of the chip to be tested according to the 

processor core. This allows the digital processor core to present invention. For example, referring to FIG. 4, a 

aid in controlling the transfer, and is an efficient use of minimum of two extra clock cycles (one each for chips 

hardware in many cases. However, the present inven- 401 and 403) are required to shift a word into the TDR 

tion does not depend on the exact method of performing 45 (406) of the target chip (405). Therefore, a minimum of 

this transfer. For example, the JROM could be omitted, 1 8 bits (i.e., 18 clock cycles) are required to shift in each 

and the TDR could directly connect to the program 16 bit data word in the illustrative case. In addition, the 

memory, and operate under the control of a direct TAP controller requires at a minimum 5 additional state 

memory access (DMA) controller. The JLOAD signal transitions per data scan operation. All of this leads to a 

could then cause the DMA controller (not shown) to 50 large clock cycle overhead per word for downloading 

transfer the program word by word from the TDR to the test program. 

the program memory. However, in a preferred embodiment, the above- 
In order to execute the downloaded program, the noted overheads are eliminated, by performing '"block 
JTAG master resets the JLOAD signal in JCON. This downloading". In this mode, the JTAG master scans in 
removes the JROM from the instruction space and 55 a "block" of test instructions, with a new word every 
maps the instruction port of the dual port RAM back in. sixteen bits (i- e -, the word length) in the serial bit 
The JTAG master sets the JPRLOW bit to select a stream. Referring to FIG. 5, each time that a new word 
program space memory map where the dual port RAM has been shifted into the TDR shift register (50), it is 
starts at location 0. It pulses the JRESET signal in transferred to the TDR output stage (51 ) and latched, 
JCON to reset the digital processor core, causing the 60 and JINT is set by the 4-bit counter (52). Then, the 
downloaded test program to begin. Each test program word is downloaded to processor core via the data bus 
produces results that are sent back to the JTAG master. 54, while the next sixteen bit word begins to shift in. 
The digital processor test program writes a result to the This technique avoids the extra bits associated with the 
TDR. This clears the PINT signal. The JTAG master preceding chips in the TDI-to-TDO chain, as well as 
selects the instruction register and polls the PINT signal 65 the extra state transitions of the TAP controller be- 
until it sees that a result has been written. The digital tween data word transfers. Hence, block downloading 
processor program does a conditional branch on the considerably reduces the clock cycle overhead and 
flag that is tied to PINT, looping until it sees PINT go speeds up downloading of a self test The block down- 
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loading is selected in the illustrative embodiment when 
the JTAG master sets the BLOCKDL signal of JCON. 
BLOCKDL is applied to multiplexer 53, for selecting 
the output of the counter in lieu of the TAP controller 
update-DR signal However, other means of activating 5 
block downloading are possible. 

When the block downloading is initiated, there are 
still extra bits (one each for chips 401 and 403) that must 
be shifted into the target chip (405) before the first word 
of data in the block The number of extra bits depends 10 
on the number of chips preceding the target chip. These 
initial bits should desirably be accounted for in such a 
way that the target digital processor may be in any 
position in the daisy chain. In a preferred embodiment, 
this is accomplished by initiating the block download- 15 
ing as follows: 

1) The JTAG master performs an instruction scan 
cycle which selects the TDR in the target chip and 
which selects the bypass register in every other 
chip in the TDI-to-TDO daisy chain. 20 

2) The JTAG master sends an initializing bit sequence 
having a series of (n— 1) "0's" followed by a 
dummy "1" start bit as the final bit of the sequence 
prior to sending the test program. In addition, an 
extra initial **0" is added by each preceding chip in 25 
bypass ahead of the target chip, since according to 
the JTAG standard, each bypass register (e.g., 402, 
404) loads a "0" into the bypass shift register stage 

in the Capture-DR state. Therefore, the initial se- 
quence seen by the target chip is 30 
100000000000000000, which in time sequence is 17 
zeros followed by a one, for the illustrative case of 
16-bit words and two preceding chips. 
Therefore, when the block transfer is initiated, cir- 
cuitry on the target chip waits until the first "1" is re- 35 
ceived following the series of "0*5", and then transfers 
the program words. Thus, the target chip may be lo- 
cated in any arbitrary position, without accounting for 
the chips preceding it. However, other initializing se- 
quences are possible. For example, a "10" sequence may 40 
be used for the case of two preceding chips without the 
initial n "0's", but the controlling software become 
more complex. Alternatively, a counter accessible 
through JTAG could be loaded by the JTAG master 
with the number of register stages (either bypass or 45 
otherwise) that are ahead of the target chip. When the 
block transfer were initiated, the counter would count 
TCK clock cycles until the specified count was re- 
ceived, and then begin the block transfer. 

Upon completion of the processing of the down- 50 
loaded test program by the digital processor, the results 
are then uploaded to the TDR (50) from the data bus 54. 
This may be accomplished by directly writing the result 
to the TDR (a parallel bit transfer) by the digital proces- 
sor, since the TDR is directly addressable therefrom. 55 
The result may then be serially scanned out via the 
JTAG output port TDO, according to the standard 
JTAG technique. In the illustrative arrangement of 
FIG. 4, the output passes through the bypass registers 
(408, 410, 412) of the chips (407, 409, 411) following the 60 
target chip. Note that the result of the test is typically 
several words, which require several such transfers. 
However, it is alternatively possible to compress the 
resulting words into fewer words, or even only one 
word, for transfer through the TDO port Although an 65 
integrated circuit that implements the present invention 
may also implement all of the standard JTAG functions, 
that is not necessary in all cases. For example, the 



boundary-scan register may be omitted, while still ad- 
vantageously implementing the present test using the 
TAP controller, instruction decoder, and TDI, TDO, 
TMS, and TCK pins on the integrated circuit The 
prior-art use of user test registers (306) for implement- 
ing BIST may also be included in ICs that implement 
the present invention. Still other variations are possible, 
and included herein. 
We claim: 

1. An integrated circuit having input/output ports 
and comprising a programmable digital processor con- 
nected to a program memory having an address space; 

and further comprising means for performing bound- 
ary-scan testing on the input/output ports of said 
integrated circuit, wherein said means comprises a 
finite state machine controller connected to an 
instruction register that is connected to an instruc- 
tion decoder, a serial test input port, and a serial 
test output port coupled to said instruction register; 

wherein said integrated circuit further comprises: 

a test data register (TDR) connected to said finite 
state machine controller and said instruction de- 
coder, and having n-bit locations for serially re- 
ceiving a test program through said serial test input 
port, and for transferring said test program in par- 
allel n-bit words into said program memory via said 
digital processor; 

and a test control register (JCON) connected to said 
finite state machine and said instruction decoder 
for initiating downloading and execution of said' 
test program in order to produce test results; 

and wherein the test results of said test program are 
transferred via said programmable digital proces- 
sor into said test data register for serial transfer 
through said serial test output port 

2. The integrated circuit of claim 1 wherein said pro- 
gram memory is a dual-port memory having a first port 
that is accessed by a data bus, and a second port that is 
accessed by a program instruction bus. 

3. The integrated circuit of claim 1 wherein said test 
control register includes a control bit for clocking said 
programmable digital processor from a system clock 
signal supplied from a source external to said integrated 
circuit in lieu of a clock supplied from said means for 
performing boundary scan testing. 

4. The integrated circuit of claim 1 wherein said test 
control register includes a control bit for clocking said 
digital processor from a signal supplied from a test 
clock external to said integrated circuit in lieu of a clock 
supplied from said means for performing boundary scan 
testing. 

5. The integrated circuit of claim 1 wherein said test 
control register includes a control bit for resetting the 
programmable digital processor to an initial state. 

6. The integrated circuit of claim 1 further compris- 
ing a read only memory, and wherein said test control 
register includes a control bit for mapping said read 
only memory into the address space of said program 
memory, wherein said read only memory controls 
downloading said test program into said program mem- 
ory. 

7. The integrated circuit of claim 1 wherein said in- 
struction register includes instructions for: (1) selecting 
said test control register for a serial write operation; (2) 
selecting said test control register for a serial read oper- 
ation; (3) selecting said test data register for a serial 
write operation; and (4) selecting said test data register 
for a serial read operation. 
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8. The integrated circuit of claim 1 wherein said test 
control register includes a control bit for enabling block 
downloading of said test program into said test data 
register, wherein said test program is received as a con- 
tinuous sequence of data words after receiving an initial 5 
sequence of a given bit pattern. 

9. The integrated circuit of claim 8 wherein said 
given bit pattern that is sent is a final "1" preceded by 
(n-1) zeros. 

10. The integrated circuit of claim 1 further compris- 
ing: 

a first status flag means (JINT) connected to said 
programmable digital processor that is set when 
said means for performing boundary-scan testing j 5 
writes a word, and is reset when said programma- 
ble digital processor reads a word; and 

a second status flag means (PINT) connected to said 
programmable digital processor that is set when 
said means for performing boundary-scan testing 20 
reads a word, and is reset when said programmable 
digital processor writes a word. 

11. The integrated circuit of claim 10 wherein said 
first status flag means (JINT) and said second status flag 
means (PINT) are also connected to said instruction 25 
register. 

12. The integrated circuit of claim 10 wherein said 
first status flag means (JINT) and said second status flag 
means (PINT) are implemented by means of register 
bits in said test control register (JCON). 

13. An electronic system comprising a multiplicity of 
integrated circuits that implement a boundary-scan test 
according to a Joint Test Action Group (JTAG) bound- 
ary-scan test standard, wherein a given integrated cir- 35 
cuit comprises a programmable digital processor con- 
nected to a program memory having an address space; 

and wherein said given integrated circuit further 
comprises: 

a test data register (TDR) controlled by a JTAG Test 40 
Access Port (TAP) controUer and a JTAG instruc- 
tion decoder, and having n-bit locations for serially 
receiving a test program through a Test Data Input 
(TDI) serial test input port, and for transferring 
said test program in parallel n-bit words into said 45 
program memory via said programmable digital 
processor; 

and a test control register (JCON) controlled by said 
TAP controller and said JTAG instruction de- 
coder for initiating downloading and execution of 
said test program in order to produce test results; 

and wherein the test results of said test program are 
transferred via said programmable digital proces- 
sor into said test data register for serial transfer 55 
through a Test Data Output (TDO) serial test out- 
put port. 

14. The system of claim 13 wherein said program 
memory is a dual-port memory having a first port that is 
accessed by a data bus, and a second port that is ac- $0 
cessed by a program instruction bus. 

15. The system of claim 13 wherein said test control 
register includes a control bit for clocking said pro- 
grammable digital processor from a signal supplied 
from a source external to said given integrated circuit in 65 



lieu of a clock supplied from said given integrated cir- 
cuit 

16. The system of claim 13 wherein said test control 
register includes a control bit (JRESET) for resetting 
the programmable digital processor and beginning test 
program execution at a given memory location. 

17. The system of claim 13 further comprising a read 
only memory, and wherein said test control register 
includes a control bit for mapping said read only mem- 
ory into the address space of said program memory, 
wherein said read only memory controls the download- 
ing of said test program into said program memory. 

18. The system of claim 13 wherein said instruction 
register includes instructions for: (1) selecting said test 
control register for a serial write operation; (2) selecting 
said test control register for a serial read operation; (3) 
selecting said test data register for a serial write opera- 
tion; and (4) selecting said test data register for a serial 
read operation. 

19. The system of claim 13 wherein said test control 
register includes a control bit for enabling block down- 
loading of said test program into said test data register, 
wherein said test program is sent as a continuous se- 
quence of data words after an initial sequence of a given 
bit pattern. 

20. The system of claim 13 wherein said given bit 
pattern that is sent is a final "1" preceded by (n— 1) 
zeros. 

21. An integrated circuit comprising a programmable 
digital processor connected to a program memory; 

and further comprising a finite state machine control- 
ler connected to an instruction register that is con- 
nected to an instruction decoder, a serial test input 
port and a serial test output port coupled to said 
instruction register; 

wherein said integrated circuit further comprises: 

a test "data register (TDR) connected to said finite 
state machine controller and said instruction de- 
coder, and having n-bit locations for serially re- 
ceiving a test program through said serial test input 
port, and for transferring said test program in par- 
allel n-bit words into said program memory; 

and a test control register (JCON) controlled by said 
finite state machine controller and said instruction 
decoder for initiating downloading and execution 
of said test program in order to produce test results; 

and wherein said programmable digital processor 
uploads the test results of said test program into 
said test data register for serial transfer through 
said serial test output port, 

and further comprising means for enabling block 
downloading of said test program into said test data 
register, wherein said test program is received as a 
continuous sequence of data words after receiving 
an initial sequence of a given bit pattern, and 
wherein said given bit pattern that is received is a 
final "1" preceded by a series of all zeros. 

22. The integrated circuit of claim 21 wherein said 
test program is transferred directly from said test data 
register into said program memory. 

23. The integrated circuit of claim 21 wherein said 
test program is transferred from the test data register 
into said program memory via said programmable digi- 
tal processor. 
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